Alginate with a MW of 1,283 kDa was hydrolyzed with 0.4 M organic acids at 100 o C for 3 hr.
Introduction
Seaweed alginates consist of β-D-mannuronate and its C-5 epimer, α-L-guluronate [5, 14, 20] . Alginates are widely used industrially as stabilizers, emulsifiers and gelling agents because of their ability to retain water. The molecular weight (MW) and molar ratio of D-mannuronate to L-guluronate (M/G ratio) are dependent on the algal species and harvest time as well as the location of the polymer in plants [10] .
The M/G ratio and MW of alginate affect on properties of alginates [6, 17] .
The relative molar ratio of mannuronate to guluronate in the alginate hydrolyzed with 2 N sulfuric acid increased with reaction time [10] . Two partitions of polymannuronate with a purity of 80.9% and polyguluronate with a purity of 62.8% were isolated from the alginate hydrolyzed with 8.0% sulfuric acid for 3 hr and sequentially with 2 N sulfuric acid for 2 hr [2] . The MW and viscosity of alginate decreased according to the increased reaction temperature, time and concentration of hydrochloric acid, whereas solubility and emulsifying ability increased [14] . Polymannuronate with a purity of 92% and polyguluronate with a purity of 87% were isolated from alginate hydrolyzed with hydrochloric acid for 2 hr at 100 o C [10] . The Nucleosil 10 SB and Zorbax column chromatography were used to separate uronic acid from alginate hydrolyzed with acetic acid [23] . Isolation of polymannuronate and polyguluronate from alginates hydrolyzed with sulfuric acid was conducted by the column chromatography with the specific concentration, velocity and pH of potassium phosphate solution as an elution buffer [9] .
Major study on preparation of alginate with low MW and isolation of polymannuronate and polyguluronate for new applications of seaweed alginate has been investigated with inorganic acid such as hydrochloric and sulfuric acids. and strictly alternating sequences of mannuronic and guluronic units has been reported [1, 12] , but it is a costly process to apply for commercial production of polymannuronate.
The new and simple method with organic acids, which have been used as food additives for its safety, for preparation of hydrolyzed alginate with low MW and isolation of polymannuronate and polyguluronate was developed in this Polymannuronate in supernatant and polyguluronate in precipitate were separated and neutralized with 1M NaHCO3.
Each part was mixed with same volume of 95% ethanol for precipitation. Each precipitate was dissolved in distilled water and the above procedure was repeated 2 or 3 times.
Analytic methods
The were used to plot a calibration curve [8] . Deionized water was used as a mobile phase at a flow rate of 1.0 ml/min. The sample concentration and injection volume were 5.0 mg/ml and 100 μl, respectively. All of the sample solutions were filtered through 0.45 μm-pore-size filters (Adbentec MFS, Inc., Japan) before injection.
Measurement of total sugars in fractionated samples was carried out by the phenol sulfuric acid method [7] . The glucose (Sigma-Aldrich, USA) was used for the calibration curve of total sugar as standard.
Results
Effect of organic acids on hydrolysis of alginate Organic acids including acetic acid, citric acid, lactic acid, malic acid, oxalic acid, succinic acid and tartaric acid were used for hydrolysis of alginate ( Table 1 and α-L-guluronate (polyguluronate) [5, 20] . In the mechanism of gel formation, which is dimerization of polyguluronate sequences with divalent cations chelated between the alginates chains, the size of divalent cation is one of most important factors. The size of calcium ion other than those of divalent cations allows it to fit into the space formed by guluronate residues between intra and inter molecules of seaweed alginates [18, 19] . Among organic acids used in this work, acetic acid which showed strong hydrolyzing effect may be due to characteristics of acetic acid with relatively smaller molecular size and conformational feature of seaweed alginate.
Partial hydrolysis of alginate with acetic acid may occur first at the linkage of alternative residences due to its conformational feature of alginate. Polymannuronate adopts flat ribbon-like 2-fold chain confirmations in the solid state, similar to those found in β-1,4 diequatorially linked polymers such as cellulose [3, 21] , while polyguluronate adopts a buckled 2-fold chain confirmation [4] . Partial hydrolysis of alginate with acetic acid resulted in the mixture of polymannuronate and polyguluronate. The solubility of alginate at low pH depends on the uronic acid composition of the samples [11] . Difference in solubility due to its composition of uronic acids in polymannuronate and polyguluronate might be possible to separate each fraction.
Some of polysaccharides including alginate affects on cholesterol metabolism in rat [16] . The alginate with higher content of D-mannuronic acid reduced cholesterol levels in liver and blood and increased polyenoic acid in serum lipid of rats [22] . Partially hydrolyzed alginate with hydrochloric acid also reduced cholesterol levels in liver and blood of cholesterol-fed rats [15] . In this work, a new and simple method for isolation of polymannuronate with low MW from alginate hydrolyzed with acetic acid was developed.
The more detailed functional study of polymannuronate with low MW will be followed to apply it for the anti-cholesterol agent in the food industry as a food additive.
초록：유기산에 의해 가수분해된 알긴산에서 폴리만뉴론산과 폴리글루론산을 분리하는 간단한 방법 
